VA

Final Report
for

ADVANCED TECHNOLOGICAL SATELLITE
ELECTRO-MECHANICAL DESPUN ANTENNA

GPO PRICE $

Appendices

CSFTI PRICE(S) $

Contract No: NAS 5-952 Hard copy (HC)

Microfiche (MF) __

ff 653 July 65

Prepared by
Sylvania Electronic Systems Eastern Division
Sylvania Electronic Systems
An Operating Group of Sylvania Electric Products, Inc.

for

National Aeronautics and Space Administration

Goddard Space Flight Center
N 8 8 o ﬁrg}@g@aryland

(ACCE'SSIOﬁ IQMBER) (THRU)

}}f (zc 3) gl 5 (com?o 7
M——(NASA cngn THX OR AD NUMBER) [CATEGORY)

FACILITY FORM 602



Prepared by:

Fihal Report
for

ADVANCED TECHNOLOGICAL SATELLITE
ELECTRO-MECHANICAL DESPUN ANTENNA

APPENDICES

19 October 1967

F181-1

Contract No. NAS 5-9521

Prepared By

SYLVANIA ELECTRONIC SYSTEMS EASTERN DIVISION

SYLVANIA ELECTRONIC SYSTEMS
An Operating Group of Sylvania Eleciric Products, Inc.
100 First Avenue, Waltham, Mass, 02154

T e b 27 Aoproved by: /Z/M@m

L. Blaisdell R. Rubin
Project Manager Equipment Engineering

A
é Z 2{ "/ Laboratory Manager
. A2 A
Approved by: Dr. B. K. Nelson
Senior Scientist
Sylvania Electronic Systems

for

NATIONAL AERONAUTICS AND SP4£CIE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
Greenbelt, Maryland



Appendix

F181-1

Q= = O

TABLE OF CONTENTS

RF PATTERN TEST DATA
RF IMPEDANCE TEST DATA

CONTROL ELECTRONICS DATA - SYSTEM
POWER DRAIN

VIBRATION TEST REPORTS
ATS-MDA: SPACECRAFT VIBRATION TEST
ATS DESPUN ANTENNA (MARK II)

ANALYSIS OF THERMAL ENERGY EXCHANGE
BETWEEN THE MECHANICALLY DESPUN
ANTENNA AND THE SPACECRAFT

Page
A-1

C-1
D-1
E-1
F-1

ii



APPENDIX A

RF PATTERN TEST DATA

Although the radiation performance of the deliverable mechanical despun antenna
systems has been summarized in tabular form for each unit, this summary cannot give the
reader a complete picture of the full, 360° radiation characteristics of the antenna. In the
absence of a separate test report, copies of all the original RF pattern data are included

in this appendix for completeness.

PRE -ENVIRONMENTAL RF PERFORMANCE SUMMARY

QUALIFICATION MODEL
Transmit Receive Specification
Frequency (GHz) 4 6
Gain (db) 17.1 -17.7 17.2 - 17.5 17.0 nominal
3 db Beamwidth 20° +0.2 20° +0.71° 20° + 2°
-0.0° -0.0°

3 db Beamwidth Symmetry 0.r° 0.1° -
VSWR (Max.) 1.26 1.29 1. 35 Transmit

1. 45 Receive
Cross-Polarization (db) > 40 >40 20 Min,
Decoupling (db min,) 34 32 None

(Objective: 30)
Beam Squint (db max.) 0.2 0.2 0.4
Beam Ripple (db) +0.1 0.1 +0.5
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FLIGHT MODEL NO, 1

Transmit Receive Specification
Frequency (MHz) 4150 6260 -
Peak Gain (db} 17.4 17.1 17,0 Nominal
3 db Beamwidth (degrees) 20° x 21,5° 19 x 20.5° 20° + 2°
VSWR (max.) 1.34 1.26 1. 35 max,
transmit
1.45 max,
receive
Cross Polarization (db) 47 37 20 min.
Beam Squint (db) 0 0.1 0.4 max.
Beam Ripple (db) +0.1 0.1 +0.5
PRE -ENVIRONMENTAL RF PERFORMANCE SUMMARY
FLIGHT MODEL NO, 2
Transmit Receive Specification
Frequency (GHz) 4150 6260 -
Peak Gain (db) 17.4 17.7 17.0 Nominal
3 db Beamwidth (degrees) 20 x 21 20 x 20 20+ 2
VSWR (max.) 1.35 1.28 1. 35 max,
transmit
1. 45 max,
receive
Cross-Polarization (db) 46.3 33.5 20 min.
Beam Squint (db) 0 0.4 0.4 max,
Beani Ripple (db) 0.1 total 0.1 total +0.5
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APPENDIX B
RF IMPEDANCE TEST DATA

The following data provides performance characteristics of the qualification and two
flight model units conducted in accordance with the Qualification and Flight Acceptance Test
Plan latest revision,

Pre-environmental and post-environmental data permit an observation of the
effects, if any, of environmental testing,

VSWR TEST DATA - TRANSMIT BAND

PRE-ENVIRONMENTAL
QUALIFICATION MODEL DATA

Frequency VSWR Frequency VSWR
3950 MHz 2,70 4170 MHz 1.16
4000 MHz 2,40 4175 MHz 1,186
4050 MHz 1.95 4180 MHz 1.16

T 4000 MHz | 1 1,45 4185 MHz 1.17
4095 MHz 1.40 4190 MHz 1.16
4100 MHz 1.25 4195 MHz 1.18
4105 MHz 1.32 4200 MHz 1.16
4110 MHz 1.29 4205 MHz 1.18
4115 MHz 1. 26 4210 MHz 1.17
4120 MHz 1.24 4215 MHz 1.18
4125 MHz 1,21 4220 MHz 1.18
4130 MHz 1,19 4225 MHz 1.17
4135 MHz 1.18 4230 MHz 1.18
4140 MHz 1.17 T TasomEz |  1.20 |
4145 MHz 1.17 4300 MHz 1,20
4150 MHz 1,16 4350 MHz 1,04
4155 MHz 1.16 4400 MHz 1.09
4160 MHz 1,16 4450 MHz 1,10
4165 MHz 1,16 4500 MHz 1.12

Specification Limits: Maximum VSWR =1, "

ri81-1

netween 4090 MHz and 4230 MHz
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VSWR DATA - RECEIVE BAND
PRE-ENVIRONMENTAL
QUALIFICATION MODEL DATA

Frequency VSWR Frequency VSWR
5050 MHz 2,00 6260 MHz 1.34
6000 MHz 1,43 6265 MHz 1,34
6050 MHz 1,09 6270 MHz 1.35
6100 MHz 1,16 6275 MHz 1,36
6150 MHz 1,28 6280 MHz 1,36

~ Te80MHz | 132 6285 MHz 1,35
6185 MHz 1,33 6290 MHz 1.36
6190 MHz 1,34 6295 MHz 1.36
6195 MHz 1,34 6300 MHz 1.36
6200 MHz 1,34 6305 MHz 1,38
6205 MHz 1,34 6210 MHz 1,38
6210 MHz 1.34 6315 MHz 1,39
6215 MHz 1,35 6320 Mz 1,39
6220 MHz 1,35 6325 MHz 1,40
6225 MHz 1.33 6330 MHz 1.42
6230 MHz 1,32 T 76350 MHz RN
6235 MHz 1.33 6400 MHz 1,48
6240 MHz 1.32 6450 MHz 1.50
6245 MHz 1,32 6500 MHz 1.42
6250 MHz 1.33 6550 MHz 1,27
6255 MHz 1.34

Specification Limits: Maximum VSWR = 1, 45 between 6180 MHz and 6330 MHz

F18i-1
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VSWR TEST DATA - TRANSMIT BAND
POST ENVIRONMENTAL

QUALIFICATION MODEL DATA

Frequency VSWR Frequency VSWR
3950 MHz 2.70 4170 MHz 1,20
4000 MHz 2,50 4175 MHz 1,20
4050 MHz 2,00 4180 MHz 1.20
4090 MHz |  1.46 | 4185 MHz 1.19
4095 MHz 1,40 4190 MHz 1,19
4100 MHz 1.36 4195 MHz 1.18
4105 MHz 1.32 4200 MHz 1.19
4110 MHz 1,30 - 4205 MHz 1,19
4115 MHz 1,27 4210 MHz 1,19
4120 MHz 1.24 4215 MHz 1.20
4125 MHz 1,22 4220 MHz 1,20
4130 MHz 1.22 4225 MHz 1,21
4135 MHz 1,21 | 4230 MHz 120
4140 MHz 1.21 4250 MHz 1,22
4145 MHz 1,20 4300 MHz 1,22
4150 MHz 1,19 4350 MHz 1,06
4155 MHz 1,19 4400 Mriz 1,10
4160 MHz 1,19 4450 MPz 1.10
4165 MHz 1,20 4500 MHz 1,13

Specification Limits: Maximum VSWR = 1, 35 between 4090 MHz and 4230 MHz
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VSWR DATA - RECEIVE BAND

FINAL QUALIFICATION MODEL DATA

Frequency VSWR Frequency VSWR
5950 MHz 2.1 6260 MHz 1,35
6000 MHz 1.45 6265 MHz 1.35
6050 MHz 1,06 6270 MHz 1.36
6100 MHz 1,18 6275 MHz 1,36
6150 MHz 1. 32 6280 MHz 1,37
6180 MHz 1.33 6285 MHz 1.37
6185 MHz 1. 35 6290 MHz 1,37
6190 MHz 1,35 6295 MHz 1.38
6195 MHz 1,35 6300 MHz 1.39
6200 MHz 1. 36 6305 MHz 1,38
§205 MHz 1.35 6310 MHz 1.38
6210 MHz 1.35 6315 MHz 1.39
6215 MHz 1.36 6320 MHz 1,40
6220 MHz 1. 35 6325 MHz 1.40
6225 MHz 1,36 6330 MHz 1.40
6230 MHz 1,35 6350 MHz 1.42
6235 MHz 1.35 6400 MHz 1,43
6240 MHz 1,35 6450 MHz 1,42
6245 MHz 1.35 6500 MHz 1.31
6250 MHz . 1,35 N 6550 MHz 1.19
6255 MHz 1.36

Specification Limits: Maximum VSWR = 1, 45 between 6180 MHz and 6330 MHz

F181-1
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VSWR DATA-TRANSMIT BAND
PRE-ENVIRONMENT TEST
FLIGHT MODEL NO, 1

Frequency VSWR Frequency VSWR
3950 MHz 2.4 417" *"Hz 1,20
4000 MHz 1,95 4170 Mil% 1,19
4050 MHz 1.65 4180 MHz 1,19
4090 MHz 1.34 4185 MHz 1.19
4095 MHz 1,32 4190 MHz 1,19
4100 MHz 1.29 4195 MHz 1,19
4105 MHz 1,27 4200 MHz 1.19
4110 MHz 1,27 4205 MHz 1,18
4115 MHz 1,24 4210 MHz 1.16
4120 MHz 1.22 4215 MHz 1,16
4125 MHz 1,22 4220 MHz 1.16
4130 MHz 1,22 4225 MHz 1,15
4135 MHz 1,21 4230 MHz 1,14
4140 MHz 1.21 4250 MHz 113
4145 MHz 1,19 4300 MHz 1.18
4150 MHz 1.21 4350 MHz 1,20
4155 MHz 1,22 4400 MHz 1,19
4160 MHz 1.21 4450 MHz 1.16
4165 MHz 1,21 4500 MHz 1,21

Specification Limits
Transmit Band: Maximum VSWR = 1, 35 between 4090 MHz and 4230 MHz

F181-1
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VSWR DATA - RECEIVE BAND

PRE-ENVIRONMENTAL TEST

FLIGHT MODEL NO, 1

Frequency VSWR Frequency VSWR
5950 MHz 2,1 6250 MHz 1.19
6000 MHz 1.6 6255 MHz 1,18
6050 MHz 1,19 6260 MHz 1,18
6100 MHz 1.10 6265 MHz 1.18
6150 MHz 1,23 6270 MHz 1,18
6180 MHz 1.26 6275 MHz W17
6185 MHz 1.25 6280 MHz 1,17
6190 MHz 1.25 6285 MHz .17
6195 MHz 1,26 6290 MHz 1.18
6200 MHz 1,24 6295 MHz 1,18
6205 MHz 1.24 6300 MHz 1.19
6210 MHz 1.24 6305 MHz 1.20
6215 MHz 1.24 6310 MHz 1. 20
6220 MHz 1.23 6315 MHz 1.21
6225 MHz 1.21 6320 MHz 1,22
6230 MHz 1. 20 6325 MHz 1,23
6235 MHz 1,21° 6330 MHz 1,24
6240 MHz 1,20 6350 MH= 1.29
6245 MHz 1.19 6400 MHx 1,39
6450 MHz 1. 42
6500 MHz 1,34
6550 MHz 1,17

Receiving Band: Maxinium VSWR = 1, 45 between 6180 MHz and 6330 MHz

F181-1
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VSWR DATA - TRANSMIT BAND

POST VIBRATION

FLIGHT MUBEL'NO, 1

Frequency VSWR Frequency VSWR
3950 MHz 2.30 4170 MHz 1.28
4000 MHz ¥, 10 4175 MHz 1,30
4050 MHz 1,70 4180_MHz 1,29
4090 MHz 1,28 4185 MHz 1,28
4095 MHz 1,24 4190 MHz 1.26
4100 MHz 1.20 4195 MHz 1.25
4105 MHz 1,19 4200 MHz 1,24
4110 MHz 1,18 4205 MHz 1,21
4115 MHz 1,18 4210 MHz 1,17
4120 MHz 1.18 4215 MHz 1,17
4125 MHz 1,20 4220 MHz 1,13
4130 MHz 1.20 4225 MHz 1.11
4135 MHz 1.21 4230 MHz 1.10
4140 MHz 1,24 4250 MHz 1,08
4145 MHz 1.26 4300 MHz 1,28
4150 MHz 1.28 4350 MHz 1,28
4155 MHz 1.28 4400 MHz 1.16
4160 MHz 1.28 4450 MHz 1.09
1,29 4500 MH~ 1,27

4165 MHz

Specification Limits
Transmit Band; Maximum VSWR = 1, 35 between 4090 MHz and 423C MHz



Receiving Band: Maximum VSWR = 1, 45 betweer. 6180 MHz and 6330 MHz

F181-1

VSWR DATA - RECEIVE BAND
POST VIBRATION
FLIGHT MODEL NO, 1

Frequency VSWR Frequency VSWR
5950 MHz 2,30 6250 MHz 1.19
6000 MHz 1,72 6255 MHz 1,19
6050 MHz 1,32 6260 MHz 1,18
6100 MHz 1,04 6265 MHz 1,18
6150 MHz 1,14 6270 MHz 1,17
6180 Milz 1,19 6275 MHz 1,17
6185 MH=z 1,20 6280 MHz 1,16
6190 MHz 1,20 - 6285 MHz 1,16
6195 MHz 1,20 6290 MHz 1,16
2200 MHz 1,21 6295 MHz 1,18
6205 MHz 1,2C 6300 MHz 1,17
6210 MHz 1,20 6305 MHz 1,18
6215 MHz 1,20 6310 MHz 1,18
6220 MHz 1,20 6315 MHz 1,19
6225 MHz 1,20 6320 MHz 1.20
6230 MHz 1,21 6325 MHz 1,20
6235 MHz 1.20 6330 MHz 1,20
6240 MHz 1,20 6350 MHz 1.25
6245 MHz 1. % 6400 MHz 1,36
6450 MHz 1,45
6500 MHz 1,50
6550 MHz i.40

-
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Specification Limits
Transmit Band: Maximum VSWTI = 1, 30 between 4090 MHz and 4230 MHz

H

VSWR DA'TA - TRANSMIT 3AND
#0ST ENVIRONMENTAL
FLIGHT MODEL NO, 1

Frequency VSWR Frequency VSWR
3550 MHz 2.4 4170 MHz 1.0
4000 MHz 2,05 4175 MHz 1.20
4050 MHz 1,65 4180 Mhz 1.21
f— 4090 MHz 1,35 4185 MHz 1.20
4095 MiHz 1.33 4190 MHz 1.19
4100 MHz 1.3 4195 MHz 1.19
4105 MHz 1.28 4200 MHz 1.16
4110 MHz 1.26 4205 MH 1,16
41i5 MHz 1,25 4210 MHz 1,17
4120 MHz 1.24 4215 MHz 1,15
4125 MHz 1.23 4220 MHz 1. 14
4130 MHz 1,22 4225 MHz 1. 14
4135 MHz 1,21 4230 MHz 1.13
4140 MHz 1,92 4250 MHz 1. 14
4145 MHz 1,22 4300 MHz .21
4150 MHz 1,23 4350 MH: 1,22
4155 MHz 1,22 4400 MHz 1,18
4160 MHz 1,20 4450 MHz i.15
4165 MHz 1,19 4500 MHz 1,23

81-1
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VSWR DATA - RECEIVE BAND

POST-ENVIRONMENTAL TEST

FLIGHT MODEL NO, 1

Frequency VSWR Freguency VSWR
5950 MHz 2,05 6250 MHz 1,22
6000 MHz 1.58 6255 MHz 1,22
6050 MKz 1.18 6260 MHz 1.21
6100 MHz 1,10 6265 MHz 1.21
6150 MHz 1.23 6270 MHz 1.21
[ 6180 MHz 1.27 6275 MHz 1.19
6185 MHz 1,26 6280 MHz 1,20
6190 MHz 1.26 6285 MHz 1.21
6195 MHz 1.28 6290 MHz 1.21
6200 MHz 1.28 6295 MHz 1.21
6205 MHz 1.26 6300 MHz 1.22
6210 MHz 1.26 6305 MHz 1,23
6215 MHz 1.25 6310 MHz 1. 24
6220 MHz 1.25 6315 MHz 1,25
6225 MHz 1,24 6320 MHz 1.25
6230 MHz 1,24 6325 MHz 1.217
6235 MHz 1.23 6330 MHz 1.28
6240 MHz 1.23 6350 MHz 1.33
6245 MHz “1.22 6400 MHz 1,43
' 6450 MHz 1,47
6500 MHz 1.37
6550 MHz 1.16

Receiving Band: Maximum VSWR = 1, 45 between 6180 MHz and 6330 MHz

Fi81-1
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POST-ENVIRONMENTATL RF PE™.T"RMANCE SUMMARY
FLIGHT :iODEL NO, 1

Transmit Receive Specification
Frequency (MHz) 4150 6260 -
Peak Gain {db) 17.4 17.1 17.0 Nominal
3 db Beamwidth (degrees) | 20° x 21,5° 19.5° X 20.5° | 20° +£2°
VSWR (Max. ) 1,35 1.28 1, 35 max, Transmit
145 max, Receive
Cross Polarization {db) 47 37 20 min,
Beam Squint (db) 0 0.2 0. 4 max,
Beam Ripple (db) 0.1 10,1 10,5

B-11




VSWR DATA - TRANSMIT BAND
PRE-ENVIRONMENTAL TEST

Frequency VSWR Frequency VSWR
3950 MHz 2.10 4170 MHz 1.26
4000 MHz 1.95 4175 MHz 1,23
4050 MHz 1.48 4180 MHz 1.21
[T a090 MEHz | 123 4185 MHz 1,19
4095 MHz 1,22 4190 MHz 1.17
4100 MHz 1,24 4195 MHz, 1.14
4105 MHz 1.28 4200 MHz 1.10
4110 MHz 1.28 4205 MHz 1.8
4115 MHz 1.28 4210 MHz 1. v6
4120 MHz 1.29 4215 MHz 1,06
4125 MHz 1,32 4220 MHz 1.08
4130 MHz 1.35 4225 MHz 1,08
4135 MHz 1,55 4230 MHz 1.10
4140 MHz 1.34 | a2s0MHz | 122
4145 MHz 1.34 4300 MHz 1,95
4150 MHz 1,33 4350 MHz 1.24
4155 MHz 1,34 4400 MHz 1.17
4160 MHz 1.34 4450 MHz 1.30
4165 MHz 1.29 4500 MHz 1,42

Specification Limits: Maximum VSWR = 1. 35 Letween 4090 MHz and 4230 MHz

F181-1
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VSWR DATA-TRANSMIT BAND
PRE-i:NVIRONMENTAL TEST

.

Specification Limits: Maximum VSWR = 1, 35 between 4090 MHz and 4230 MHz

F181-1

Frequency VSWR Frequency VSWR
3950 MHz 2,10 4170 MHz 1,26
4000 MHz 1,95 4175 MHz 1,23
4050 MHz 1.48 4180 MHz 1. 21
4000 MHz | 123 | 4185 MHz 1.19
4095 MHz 1.22 4190 MHz 1.17
4100 MHz 1,24 4195 MHz 1. 14
4105 MHz 1.28 4200 MHz 1.10
4110 MHz 1.28 4205 MHz 1,08
4115 MHz 1.28 4210 MHz 1.06
4120 MHz 1.29 4215 MHz 1.06
4125 MHz 1.32 4220 MHz 1,08
4130 MHz 1,35 4225 MHz 1.08
4135 MHz 1,35 4230 MHz 1,16
4140 MHz 1.34 4250 MHz | 1.22 |
4145 MHz 1.34 4300 MHz 1.35
4150 MHz 1,33 4350 MHz 1.24
4155 MHz 1.34 4400 MHz 1. 17
4160 MHz 1,34 4450 MHz 1. 30
4165 MHz 1.29 4500 MBz 1.42
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VSWR DATA - RECEIVE BAND
FLIGHT MODEL NO, 2
PRE-ENVIRONMENTAL TEST

Frequency VSWR Frequency VSWR
5950 MHz 1.68 6250 MHz 1,16
6000 MHz 1,22 6255 MHz 1.15
6050 MHz 1.10 6260 MHz 1.14
6100 MHz 1.29 6265 MHz 1.14
6150 MHz 1,34 6270 MHz 1,15
6180 MH= 1.28 6275 MHz 1,15
6185 MHz 1.27 6280 MHz 1.16
6190 MHz 1.26 6285 MHz 1.16
6195 MHz 1,25 6290 MHz 1,18
6200 MHz 1.24 6295 MHz 1.18
6205 MHz 1,23 6300 MHz 1,20
6210 MHz 1,22 6305 MHz 1,20
6215 MHz 1,20 6310 MHz 1,23
6220 MHz 1.19 6315 MHz 1.24
6225 MHz 1,20 6320 MHz 1.24
6230 MHz 1,19 6325 MHz 1,26
6235 MHz 1,18 6330 MHz 1,26
6240 MHz 1,17 6350 MHz 1.27
6245 MHz 1,16 6400 MHz 1,33
6450 MHz 1,30
6500 MHz 1.23
6550 MHz 1,12

Specification Limits: Maximum VSWR = 1. 45 between 6180 MHz and 6330 MHz

F181-1
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VSWR DATA - TRANSMIT BAND

POST VIBRATION

FLIGHT MODEL NO, 2

Frequency VSWR Frequency VSWR
3950 MHz 2,20 4170 MHz 1.23
4000 MHz 1,90 4175 MHz 1,22
4050 MHz 1,47 4180 MHz 1,20
4090 MHz 1.24 4185 MHz 1,18
4095 MHz 1,26 4190 MHz 1,17
4100 MHz 1. 26 4195 MHz 1,15
4105 MHz 1.26 4200 MHz 1.14
4110 MHz 1. 26 4205 MHz 1,13
4115 MHz 1.26 4210 MHz 1,12
4120 MHz 1.26 4215 MHz 1,12
4125 MHz 1,26 4220 MHz 1,12
4130 MHz 1.26 4225 MHz 1,12
4135 MHz 1,26 4230 MHz 1,14
4140 MHz 1,26 4250 MHz 1,17
4145 MHz 1.26 4300 MHz 1,28
4150 MHz 1,26 4350 MHz 1.26
4155 MHz 1,26 4400 MHz 1,20
4160 MHz 1,26 4450 MHz 1.25
4165 MHz 1,25 4500 MHz 1,31

Specification Limits

Transmit Band: Maximum VSWR = 1, 35 between 4090 MHz and 4230 MHz

F181-1
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VSWR DATA - RECEIVE BAND

POST VIBRATION

FLIGHT MODEL NO, 2

Frequency VSWR Frequency VSWR
5950 MHz 1,65 6250 MHz 1.13
6000 MHz 1.23 6255 MHz 1,12
6050 MHz 1,07 6260 MHz 1,13
6100 MHz 1.23 6265 MHz 1,12
6150 MHz 1,30 6270 MHz 1,12
6180 MHz 1.25 6275 MHz 1,12
6185 MHz 1,24 6280 MEz 1,13
6190 MHz 1. 24 6285 MHz 1,13
6195 MHz 1,22 6290 MHz 1.14
6200 MHz 1.20 6295 MHz 1.14
6205 MHz 1,13 6300 MHz 1,14
6210 MHz 1,18 6305 MHz 1,15
6215 MHz 1,18 6310 MHz 1.16
6220 MHz 1. 16 6315 MHz 1.16
6225 MHz 1,14 6320 MHz 1,18
6230 MHz 1. 14 63256 MHz 1,19
6235 MHz 1.15 6330 MHz 1,20
6240 MHz 1.14 6350 MHz 1. 26
6245 MHz 1,14 6400 MHz 1,32
6450 MHz 1.29
6500 MHz 1,25
6550 MHz 1,17

Receiving Band: Maximum VSWR = 1, 45 between 6180 MHz and 6330 MHz

F181-1
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VSWR DATA - TRANSMIT BAND
POST-ENVIRONMENT TEST
FLIGHT MODEL NO, 2

Frequency VSWR Frequency VSWR
3950 MHz 2,20 4170 MHz 1,22
4000 MHz 1.95 4175 MHz 1,20
4050 MHz 1,41 4180 MHz 1,16
4090 MHz 1,30 4185 MHz 1,13
4095 MHz 1,30 4190 MHz 1,10
4100 MHz 1,31 4195 MHz 1.09
4105 MHz 1.33 4200 MHz 1,07
4110 MHz 1,34 4205 Mz 1,07
4115 MHz 1.35 4210 MHz 1,08
4120 MHz 1.35 4215 MHz 1,10
4125 MHz 1,34 4220 MHz 1,13
4130 MHz 1.34 4225 MHz 1.14
4135 MHz 1,34 4230 MHz 1,18
4140 MHz 1,32 4250 MHz 1,26
4145 MHz 1.30 4300 MHz 1,32
4150 MHz 1,28 4350 MHz 1,18
4155 MHz 1,27 4400 MHz 1,22
4160 MHz 1,24 4450 MHz 1,34
4165 MHz 1,22 4500 MHz 1,34

Specification Limits

Transmit Band: Maximum VSWR = 1, 35 between 409¢ MHz and 4230 MHz
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VSWR DATA - RECEIVE BAND

* POST-ENVIRONMENTAL TEST

FLIGHT MODEL NO, 2

Frequency VSWR Frequency Vswr
5950 MHz 1,56 6250 MHz 1,10
6000 MHz 1,22 6255 MHz 1,10
6050 MHz 1,14 6260 MHz 1,08
6100 MHz 1,22 6265 MHz 1,08
6150 MHz 1,24 6270 MHz 1.08
6180 MHz 1,19 6275 MHz 1.10
6185 MHz 1,19 6280 MHz 1,11
6190 MHz 1,19 6285 MHz 1.11
6195 MHz 1.19 6290 MHz 1,12
6200 MHz 1.18 6295 MHz 1.13
6205 MHz 1. 16 6300 MHz 1.15
6210 MHz 1.15 6305 MHz 1,15
6215 MHz 1,14 6310 MHz 1,17
6220 MHz 1. 13 6315 MHz 1. 16
6225 MHz 1,13 6320 MHz 1. 17
6230 MHz 1. 12 6325 MHz 1.20
6235 MHz 1. 10 6330 MHz 1,21
6240 MHz 1.10 6350 MHz 1. 23
6245 MHz 1,10 6400 MHz 1. 28
6450 MHz 1.28
6500 MHz 1,23
6556 MHz 1,16

Receiving Band: Maximum VSWR = 1,45 between €180 MHz and 6330 MHz

F181-1
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POST-ENVIRONMENTAL RF PERFORMANCE SUMMARY
FLIGHT MODEL NO, 2

Transmit " Receive * ‘Specification
Frequency (MHz) 4150 6260 -
Peak Gain (db) 17.4 17.7 17,0 Nominal
3 db Beamwidth (degrees) 20° x 19,5° 21° x 21° 20° £ 2°
VSWR (Max. ) 1.35 1,21 1,35 max. Transmit
1, 45 max, Receive
Cruss Polarization (db) 48 41,6 20 min,
Beam Squint (db) 0 0.1 0, 4 max.
Beam Ripple (db) 10,1 +0,1 +0,5

F181-1 B-19




APPENDIX C
CONTROL: ELECTRONICS DATA - SYSTEM POWER DRAIN

Due to component tolerances the power drain for each system is different. To
estimate the power drain for a particular system at a certain‘ temperature, the reader is
referred to the following graphs, Figures C-1 through C-9. The graphs were derived
from the test results at 50, 100 and 150 RPM at various temperatures. Any value between
these three speeds is interpolated and should not be taken with too high an accuracy
especiaily in the speed range between 50 and 100 RPM.

Each graph for the Qualification Unit represents performance data under atmos-
pheric and vacuum conditions at the qualification level temperature extremes.
Figures C-1 through C-3 represent the mean and limiting voltages.

The graphs for the flight units, Figures C-4 through C-9, differ only in the
temperature limits.

F181-1 C-1
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APPENDIX D

VIBRATION TEST REPORTS
The following vibration test reports are for the qualification and flight acceptance
testing of the Mechanical Drive Assembly and the Control System. These two basic

components were vibrated independently, The Mechanical Drive was non-operating, whereas
the Control System was operational during the testing.

F181-1 D-1



__Qualification Model

Yoot Report No. ____5197 Na. of Poges __3

Plus graphs

Report of Test on

ATS MECHANICAL DESPUN ANTENNA
for

SYLVANIA ELECTRONIC SYSTEMS
under

PURCHASE ORDER NO. 06811

ENVIRONMENTAL
TESTING
ACTON

CORPORATION

Dote_February 7, 1967

Prepared Checked Approved

By R
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Adminictrative Data

L0 Purpoie of Test: Qualification sine and random vibration
to determine the ability of the antenna and associated
electronics to withstand these dynamic environments.

2.0 Manufocturer: Sylvania Electronic Systems
. 100 First Avenue, Waltham, Massachuse®ts

3.0 Monufocturer's Type or fModel No;  ATS Mechanical Despun Antenna

Lli Drowing. Seecification or Exhibit: Quaiification and Acceptance
° Test Plan Z181-3

-

5.0 Quantity of ltems Tested: One (1)

4.0 Security Classification of ltems:  None. Government Inspection
A Required. Contract No.

NAS 5-9521

2.0 Date Test Completad: January 20, 1967

8.0 Test Conducted By; A. Giroux

2.0 Disposition of Spacimens: Raturned to Sylvania Electronic
Systens

10.0 Abstract: The electronics passed the vibration testing

with no apparent problems. The antenna passed the sine
and random vibration after two modifications were made
to more securely retain the central vertical member.

Report No. 5197

Figl-1




F181-1

1.0 REQUIREMENTS

The Sylvania Blectronic Systems, ATS Mechanical
Despun Antenna, including the Control Electronics
must nset the storage launch and space environ-
ment, defined in the NASA Goddard Space Flight
Center Environmental Specification S2-0102.

2.0 PROCEDURES

2.1 SINUSOIDAL VIBRATION TESTS

The sinuroidal vibration test specified in paragraph
5.3.4 of Sylvania Eleotronics Systems Specification
Z181-3 was performed on the control elesctronicu

and the ATS Despun Antenna. It should be noted that
the test procedure had to be modified to take into
account the operation of the Ling, A-300 System, on
which the tests were performed. The vibration
levels and sweep rate were not modified, only the

procedure by which they were attained.

2.2 RANDOM VIBRATION TESTS

The random vibration tests specified in paragraph
$5.3.5 of 8ylvania Electornics Systems Specification

Report No. 5197
ENVIRONMENTAL
acronyl® "o Page 2 .
CORPORATION



2.2 RANDOM VIBRATION TESTS (cont'd)

z181~-3 was performed on the control electronics and
the ATS Mechanical Despun Antenna. The test pro-
cedure had to be modified as explained in paragraph
2.1 above.

3.0 RESULTS

3.1 SINUSOIDAL VIBRATION - CONTROL ELECTRONICS

On January 12, 1967, the control eslectronics passed
the sinusoidal vibration tests specified in para-
graph 2.1 above. No mechanical defecis were nated
on any of the control electronics modules in any of
the three axes of vibration. The oscillographic

recording data was retained by Sylvania personnel.

3.2 RANDOM VIBRATION ~ CONTROL ELECTRONICS

On January 12, 1967, the control electronics passed
the sinusoidal v:lbrat:lén tests specified in paragraph
2,2 sbove. No mechanical defects were noted in any
of the control electronics modules in any of the
three (3) axes of vibration. The oscillographic re-

cording data war retained by Sylvania personnel,

Report No. 3197

F181-1

Poge  — . .



3.3 SINUSOIDAL VIBRATION - DESPUN ANTENNA

3.3.1 On January 9, 1267. thg¢ Despun Antenna passed the
sinuecidal vibration test in the 2 axis with no
apparent defects. In the X axis, when the vibra-
tion iaput reached a frequancy of 33 cps, thas
malr vertical rod came out of the antenna ground
plans structura. The wnit was reassembled and
th:: sweep restarted from 10 cps. This time the
red came out at 26 cps. The unit was removed and

raturned to Sylvania.

3.3.2 On January 14, 1967, the reworked antenna passed

the sinusoidal vibration test in the 2 axis with
no apparert defects. In the X axis, the teflon
shear pins added to retain the rod in the ground
plane, showed signs of working out. During
vibration in the ¥ axis the main vertical antenna
rod came out of the ground plane at 50 cps. The
antenna weas returned to Sylvania for additional

rework.

Report No. 3197

Poge_ 4 ___

F181-1



F181-1

3.3.3 On January 20, 1967, the reworked Despun Antenna

passed the sinusoidal vibration test specified
in paragraph 2.1 above with no visible mechanical
defects. X-Y recordings were made of the input
vibration level in all three (3) axes of vibra-
tion and are included in this report. The oscil-
lographic recording data taken during the course

of the tests were retained by Sylvania personnel.

3.4 RANDOM VIBRATION -~ DESPUN ANTENNA

On January 20, 1967, the reworked Despun Antenna
pasged the random vibration test specified in
paragraph 2.2 above, with no visib)e mechanical
dafects. The specified random vibration levels
were automatically equalized and analyzed on a
Ling Model ASDE-40 System. Plots of acceleration
spectral density versus freguency were made dur-
ing each axis of random vibration and are in-
cluded in this report. The oscillographic re-
cording data taken during the cocurse of the
random vibration tests was retained by Sylvania

personnsi.

Report No. 3337
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Flight Model (Unit #2)

Tost Report No. _ 5338 No.ofPages ___ 2

Report of Test on

2.T.S. MECHANICAL DZSPUN ANTENNA
for

SYLVANIA ELECTRONIC SYSTENS
Underx

PURCHASE ORDER NO. Cl1622

Dote Apkil 12, 19257

Prepored Checked Approved

% |Rr.ilfoy  |A. Giroux |M.L.Tolf

Signed 47/4?7 @ Mgt 1 Z
YT (G et Y1 L. el o)

Oate | CAHee @] |4-12-¢7 -73-07

Government Inspector: s
eouge a

o, o
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Administrative Data

Acceptance sine and random vibration to de-

términe the ability of the antenna &nd as-
sociated electronics to withstand these Ay~
namic environments.

z n q’ hn ‘ifﬁﬁﬁn['

Sylvania Electronic Systems

100 Pirst Avenue, Waltham, Massachusetts

ATS Mechanical Despun Antenna
Flight Model Nao. 2

Qualification and Acceptance
Test Plan 2181-3

One (1) Each

None. Government Inspedtion
a;quircﬂ, Contract No. NAS-S-
9521

March 22, 1967

A. Giroux

Returned to Sylvania
Electronic Systezs

10.0 Ahstract: The antenna and electronics passed the accep-
tance vibration testing with no apparent

problens.

Report No. 3338

F181-:
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1.0 REQUIRENENTS

The Sylvania Blectronic Systems, A.T:S. Mechanical
Daspun Antenna, including the Control Electronics must
meet the storage launch and space sanvironment dsfined in
the NASA Goddard Space Flight Center Environmental Speci-
fication £2-0102,

[

2.0 PROCEDURES
2.1 SINUSOIDAL VIBRATION TESTS

The sinusoidal vibration tast specified in paragraph
6.3.1 of Sylvania Electronic Systems Specification
£181-3 was perfowned in a clean room on the contvol
slectronics and the A.T.S. Despun Antenna. It should
be noted that the test procedure had to be modified
to take intc account the operation of the Ling A-300
Bystem, on which the tests were performed. The vi-
bration levels and sweep rate were not modified,

only the procedure by which they were attained.

2.2 RANDOM VTBRATIOS TESTS

The random vibration test specified in paragraph
6.3.2 of Sylvania Electronic Systems Specification
2181-3 was performed in a cledn room on the control
elactronics and the A.T.S. Despun Antenna. The test-
procedure had to bs modified as explained in para-
graph 2.1 abova.

3.0 RESULTS
3.1 SINUSOIDAL VIBRATION - CONTROL ELECTRONICS

On March 22, 1967 the control electronics passed the
sinusoidal vibration tests specified in.paragraph
2.1 above. No mechanical dafects were noted on any
of the control electronics modules in any of the
three (3) axes of vibration. Tha oscillcgraphic re-
cording data was retained by Sylvania personnel.

Report No, 3338

Page.

F181-1

D-16
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3.0 RESULTS (Cont'aq)

3.2 RANDOM VIBRATION - CONTROL EBLECTRONICS

On March 22, 1967 the control electronics passed the
random vibration tests specified in paragraph 2.2
above. No mechanical defects were noted in any of
the control electronios modules in any of the three
(3) axes of vibration. The oscillographic recoxding
data was retained by Sylvania personnel.

3.3 SINUSOIDAL VIBRATION -~ A.T.S. MECHANICAL DESPUN
XNTERNA

On March 21, 1967 the A.T.8. Mechanical Despun An-
tenna passed the sinusoidal vibration tests specified
in paragraph 2.1 above. No mechanical defects were
noted on the Despun Antenna in any of the three (3)

axes of vibration. The oscillographic recording dataj]

was retained by Sylvania personnel.
3.4 RANDOM VIBRATION -~ A.T.S. MECHANICAL DESPUN
ANTENNA

v i—————

Cn March 21, 1967 the A.T.S8. Mechanical Despun An-
tenna passed the random vibration tests specified in
paragraph 2.2 above. No machanical defects were
noted on the Despun -Antenna in any of the three (3)
axes of vibration. The oscillographic recording
data was retained by Sylvania personnel.

Report No. 3338

Page =
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Flight Back Up Model (Unit #1)

Test Report No. _5338 No. of Pages __ 22

Report of Test on

A.T.S. MECHANICAL DESPUN ANTENNA
For

SYLVANIA ELECTRONIC SYSTEMS
Under

PURCHASE ORDER NO. C 1622

ENVIRONMENTAL

TESTING

CORPORATION

Dote April 29, 1967

Prepared Checked Approved
By R- Gilfoy A. Giroux M.L.Tolf
Signed St Y/ v
gne l/ q'.dvgﬁ-/
Oate

Government Inspector

SHye7 |s/iter |35/67

George Malta
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Administrative Data

1.0 Purpose of Test: Qualification sine and random vibration to

2.0_ Manufacturer;

-determine the ability of the antenna and
associated clectronics to withstand these
dynamic environments.

Sylvania Electronic Systems
100 First Street, Waltham, Mass.

3.0 _Manufacturer's Type or Model No: A.T.S. Mechanical Despun

Antenna, Flight Model #1

4.0 _Drowing, Specification or Exhibit: Qualification and Acceptance

Test Plan Z181-3.

5.0 Quantity of items Tested: one (1) each

6.0 __Securify Classification of Items: None. Government Source In-

spection required. Contract

7.0 Date Test Completed: April 28, 1967
8.0__Test Conducted By; A. Giroux

9.0 _ Disposition of Specimens:

10.0 Abstraci:

Report No. _.. 5338

Returned to Sylvania Electronic
Systems.

The antenna and electronics passed the Acceptance
Vibration Testing with no apparent mechanical
problems. When the antenna was returned to
SES-E, out-of-tolerance electrical measurements
were noted. These problems were corrected and
the antenna was resubmitted for vibration testing
The antenna subsequently passed the vibration
tests specified herein with no apparent mechani-

cal problems.
P Page .1

b

F181-1

ENVIRCNMENTAL

TESTING
ACTON

CORPORATION
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1.0 REQUIREMENTS

The Sylvania Electronic Systems A.T.S. Mechanical Despun
Antenna, including the control Electronics, must meet the
storage launch and space environment defined in the NASA
Goddard Space Flight Center Environmental Specification
$2-0102.

2.0 PROCEDURES

2.1 SINUSOIDAL VIBRATION TESTS

The sinusoidal vibration test specified in paragraph
6.3.1 of Sylvania Electronic Systems Specification
2181-3 was performed in a clean room on the control
electronics and the A.T.S. Despin Antenna. It should
be noted that the test procedure had to be modified
to take into account the eperation of the Ling A-300
System, on which the tests were performed. The vi-
bration levels and sweep rate were not modified, only
the procedure by which they were attained. It should
also be noted that the vibration of the Despun Antenna
was videotaped.

2,2 RANDOM VIBRATION TESTS

The random vibration tests specified in paragraph
6.3.2 of Sylvania Flectronic Systems Specification
2181-3 was performed in a clean room on the control
electronics and the A.T.S. Mechanical Despun Antenna.
The test procedure had to be modified as explained in
paragraph 2.1 above.

Report No, 5338

ENVIKONMENTAL
f STING 2

Page .. .~...
corporafrion

F181-1
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3.0

RESULTS

3.1 SINUSOIDAL VIBRATION -~ CONTROL ELECTRONICS

On April 28, 1967 the control electronics passed the
sinusoidal vibration test specified in paragraph 2.1
above. Wo mechanical defects were noted on any of the
control electronic modules in any of the tliree (3)
axes of vibration. The oscillographic recording data
will be included with this test repovt.

3.2 RANDOM VIBRATION - CONTROL ELECTRONICS

On April 28, 1967 the control electronics passed the
random vibration tests specifiad in paragqraph 2.2
above. No mechanical defects we¢re noted in any of the
control electronic moduies in any of the three (3)
axes of vibration. The oscillographic recnrding data
will be included in this test report.

3.3 GINUSOIDAL VIBRATION - A.T.S. MECHANICAL DESPUN
ANTENNA

On April 27, 1967 the A.T.S. Mechanical Despun Antenna
passed the sinusoidal vibration tests specified in
paragraph 2.1 above, No mechanical defects were noted
on the Despun Antenna in any of the three (3) axes of
vibration. The oscillographic¢ recording data will be
included in this test report.

3.4 RANDOM VIBRATION - A.T.S. MECHANICAL DESPUN
ANTENNA

On April 27, 1967, the A.T.S. Mechanical Despun Antenna
passed the random vibration tests specified in para-
graph 2.2 above. No nmechanical defects were noted on
the Despun Antenna in any of the three (3) axes of
vibration. The oscillographic recording data will be
included in this report.

Report No. 5338

ENVIRONMENTAL

ACTON

TESTING 3 /

CORPORATION
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3.0

RESULTS (Cont'd)

4.0

3.5 ELECTRICAL TESTS

After the A.T.S. MecRanical Despun Antenna was returned
to Sylvania, electrical tests were performed on it.
During these tests it was noted that the VSWR readings
were out-of-tolerance. The antenna was disassembled
and the internal difficulties corrected.

RE-TEST

4.1 PROCEDURE

The vibration tests specified in paragraph 2.0 above
were repeated on the A.T.S. Mechanical Despun Antenna,
Flight Model #1 on May 3, 1967.

4.2 RESULTs

The A.T.S. Mechanical Despun Antenna passed the sine
and random vibration tests specified in paraqraph 2.0
with no apparent mechanical difficulties. X-Y Plots
of control accelerometer acceleration vs. frequency
for sine vibration and power spectral density wvs.
frequency for random vibration are included with this
report. Oscillographic data from the specified tri-
axial accelerometers are also included.

Report No. 3338

F181-1
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APPENDIX E

ATS-MDA: SPACECRAFT VIBRATION TEST

The ATS qualification model MDA successfully passed vibration test on
16 February 1967 at Hughes on a fully simuiated Hughes spacecraft. The writer witnessed
at the sine and random vibration tests in the horizontal plane (x-y and y-y axes), The unit
was then vibrated in the vertical (z-z axis) plane,

Three of the triaxial accelerometers were mounted on the cruciform structure,
These accelerometers recorded lcads directly affecting the antenna mount, They were
observed with particular interest because the principal frequency of the spacecraft and
antenna were very close to each other. High forcing loads from the antenna mount at the
spacecraft principal frequency might have resc .e: in 2n extremely unfavorable condition
for the antenna feed and reflector. This probiem did not materialize, because the forcing
loads were much less than expected, .

In addition to a principal frequency at around 22-29 cps, the spacecraft experienced
modes at approximately 200 cps and 1600 cps, At 1600 cps, one of the accelerometers on
the cruciform structure recorded forcing loads of about 15-16 g's. However, it was noted
that the accelerometer was mounted in a position that was not representative of the stiffness

at the antenna mount,

The antenna was inside of the interstage structure and could not be readily observed
during the testing, However, after each plane of vibration, the entire spacecraft was
lifted off the vibration table so that the antenna could be inspected, Because of a malfunction
during component qualification testing, the ball-lock sleeve position was carefully observed
after each plane of vibration, There was no indication that the part had moved. Other
components such as the feed and reflector were also closely inspected for signs of distress
or damage and the ground plane was checked for looseness. There was no apparent damage
to the mechanical drive assembly,

Even though the antenna appeared to resonate at its principal frequency, - the
amplitudes appeared to be no more than when the mechanical drive assembly w2~ vibrated
by itself. It was theorized that the interconnecting fiberglass structure had particularly
good damping characteristics dat the dominant frequency, thus preventing a large
magnification of the forcing load,
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APPENDIX F

ATS DE3PUN ANTENNA (MARK II)

REPORT NUMBER

160

DATE

22 February 1967

ELECTROMAGNETIC INTEKFERENCE
CONTROL SECTION

SYLVANIA ELECTRONIC SYSTEMS--EAST
WALTHAM, MASS.



ABSTRACT

The ATS Despun Antenna, Flight Model Number 1, was tested for radiated and
power line .conducted interference in accordance v,vﬁfhg};:;‘ rethods and procedures
of MSFC-SPEC-279. Radiated interference measi‘i%;:yr*.*"ria}fwere performed over
the frequency range from 15 kHz to 1 GHz. Power 1i*': ¢onducted interference
measurements were performed on each power line jer the frequency range

from 150 kHz to 25 MHz.

The requirements of MSFC-SPEC-279 were not imposed upon the ATS Mechanical
Despun Antenna Contract. Therefore, the equipment was not designed to meet
these requirements., These tests were performed on the Mark II control system
only for information purposes.
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TEST EQUIPMENT

F181-1

®
TYPE MANUFACTURER! MODEL SERIAL CAL. FREQUENCY
NO. NO. DATE RANGE USED
—_
NFI Meter Empire NF-105 2060 5/28/67 15 KHz - 1 GHz
Tuning Unit Empire TX-105 | 2389 L/13/67 | 15 KHz - 150 KHz
Tuning Unit Empire TA-105 | 2060 8/26/67 | 150 KHz - 30 MHz
Tuning Unit Empire T1-105 90y 10/1L/67 | 30 MHz - 200 MHz |
Tuning Unit T2-105 12308 12/16/67 1§ 200 Midz - LOOMHZ |
Tuning Unit Empire T3-105 | 16829 12/10/67 | 40O MHz - 1 GHz
Function Gen, Exact Flectronics { 303 JG009 12/20/67 | 1 KHz
Power Supply Harrison Labs 3084 1280 9/21/67 | -24 VDC
Power Supply Power Designs Inc. | 2050 F306072 8/9/671 ~-7.5 VDC
Page 3 Report No. _lU60
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DETAILED MEASURING PROCEDURES

1.0 Mark II System

1.1

1.2

System Description

The Mark II system as tested consisted of the following five subunits:

1) Chasats No, 1
2) Chassis No. 2
3) Chaasis No. 3
L) Chassis No. L
5) Motor, Encoder, and Antenna

System Operation

1.2.1 Synchronous Operation

This Mark II system mode of operation was defined as operation after
the motor had reached the rotational speed determinedby, and was
under control of, the constant input drive signal (signal name 29FLL).
The input drive signal PRF w « .%°isted so as to have the motor
rotate as a synchronous motor. ~ .gure 1 shows the waveform of this
input drive signal.

1.2,2 Stepping Operation

This mode of operation was definnd as operation during the short
interval of time during which the motor was being stepped up to
its steady state (synchronous) rotational speed under control of
the VCO., This was accomplished by continuously interrupting prime
power to the Mark II system before the motor was up to its steady
state rotational speed.

2,0 Physical Configuration

F181-1

2.1

Test Chamber

The Mark IT gystem was set up in a double-wall, copper-screen shielded
snclosure of the following dimensionss

Length: 20 feet
Width: 10 feet
Height: 7.5 feet

Page 4
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DETAILED MEASURING PROCEDURES

2.2 sttam contiguration

This section desoribes the Mark II system configuration used during all
tests (aee Figure 2).

2.2,1 System Grounding

2.242

The Mirk II was grounded to a 3' x 6' copper clad bench in a
manner similar te the actual sattelite grounding configuration.
This copper clad bsnch was in turn bonded to the wall of the
shielded enclosure by meaus of bonding straps spaced two f est

apart,

sttom InEuts

2.2.2.1

242.2,2

sttem Pgwer

Since Chassis No. 2 and Chassis No. L are identical and
in parallel (a redundant system), prime power (-2l VDC)
was applied to the input of Chassis No. L during all tests.
With Line Impedance Stabilisation Networks (LISN's)
inserted in series with the power lines sxcessive power
line ripple was generated affecting systems operation,

To provide a more compatible powsr source a breazadboard
mode) of the Hughes Payload Regulator Circuit was used to
drive the Mark II system during all tests. Two LISN's
were used on the standby power lines to Chassis No. 2 te
provide a known ‘mpadance.

In addition, <7.5 VDC was supplied as a bias voltage for
the telemetry simulation loads described in Section 2.2.l.

All power for the Mark II system was derived from power
supnlies located external to the shielded enclosure.
System prime power (-24 VDC) entered the shielded enclosure
through two Cornell Dubilier Type NFR 1109 filters bulk-
head mounted to the shielded enclosure access panel. The
bias voltage for the telemetry loads entered the shielded
snclosure through two Filtron Type SP-236 filters bulkhead
mounted to the shielded enclosure access panel.

Drive Sigml

The drive signal for the Mark II was derived from an Exact
Eleetronics Type 303 Function Generator located external
to the shielded enclosure. The drive signal entered the
shielded enclesure through a coaxial BNC connector bulkhead
nounted to the shielded enclosure access panel.

Page § REPORT NO, Lé0
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DETAILED MEASURING PROCEDURES

24243 Systen Oablim

The cable harness used to completely intercornect the component
parts of the Mark II system and to connect the Mark II syst.m to

its power source and loads was configured in a similar manner to the
cable harness to be used in the sattelite.

2.2,4 System Terminations

To simulate as cléose as possible the actual Mark II system
operating configuration, the following output lines were terminated
as shown in Table I:

Table I

Mark II Coutput Terminations

Connector Pin Function Load
101 3 Telemstry Output See Figure 3
101 5 Telemstry Output See Figure 3
101 10 Telemetry Cutput See Figure 3
101 ag Telemetry Output See Figure 3
101 2) Telemetry Output See Figure 3
101 2k Teslemetyy Qutput - See -Figure 3
101 6 Motor Current Monitor Ammeter

Ambient Measursmants

Radiated and power line sonducted ambient measurements were performed prior to
the start of operational tests, The system configuration for each test was
identical to that described in Section 2.2.

During ambient measurements the system prime power source located external to
the shieldsd enclosure was de«snergised. The drive signal (29FLL) generated
by the function generator was present during all ambient measurements,

System Interferenca Measurements

4.1 Radiated Measursments

Radiated interference moumronon'ts were performed over the frequency range
15 KHz to 1 GHs with the applicable antenna located at a distance of one
foot in front of the test specimen,

Pagé 6 REPORT NO. L60
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DETAILED MEASURING PROCEDURES

Table II

Antenna erggo--&ndiated Interference Measurements

Frequency Range (Mis) Antenna Desoription Model Number
0.015 - 0.15 L1 Vertical Rod VX-105
W15 - 25 41" Vertical Rod VA-105
25 - 35 Dipole tuned to 35 MHz  DM-105-T1
35 - 200 Tuned Dipole DM-105-T1
200 - 1,00 Tuned Dipole %]=105=72
Loo - 1000 Tuned Dipule DM-105-T3

Lh.2 Power Line Conducted Measurements

Power line conducted interference measurements were performed on each of
the four power leads to the Mark II system using a Stoddart 91550-1 RF
Current Probe, Measurements were psrformed over the frequency range
from 150 KHz to 25 MHaz.

5.0 Detection System Calibration

All measurements were performed using substitution techniques. After a signal
was detected a calibrated signal source (impulse generator) was substituted

for the signal being measured and the output was adjusted so as to obtain the
same reading on the Field Intensity Meter. The impulse generator output levei
was then recorded and by addition or subtraction of the appropriate pickup
device factor, the amplitude of the unknown signal was determined. The following
sample calculations show the methods smployed to determine the unknown signals
amplitude:

Radiated Interferance
Frequency (150 KHz)

Impulse Generator Output Level 53 dbme
Aatenna Factor 39 db
Unknown Signal Amplitude 92 dbme/AI

Conducted Interference

Frequency (3 MHz) Chassis #4 +2l VDC Line

Impulse Generator Output Level 8l dbme
Current Probe Transfer Impedance -(+15) db
Unknown Signal Amplitude 69 dbyh/Me

REPORT WO, _L460
Page 7
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SUMMARY OF RESULTS

1.0 Radiated Interference

1,1 Amdient Measurements

Figure L shows the radiated ambient noise level existing within the
shielded enclosurs. By turning off the Function Generator which generated
the input drive signal, the radiated aabient level within the shielded
enclosure was reduced to the noiss levsl of the test instrumentation, thus
proving that the ambient lavel as plotted in Figure L was the input drive
signal radiated from its unshielded input line,

1.2 Synchronous Operstion

Figure 4 also shows the radiated noise levels emsmating from the Mark II
system during synchronous operation. Only broadband noise was detected
emanating from the Mark II system. Radiated interference voltages were a
maximum of 14 db above the limit of MSFC-3PW-279. This condition occurred
at a frequency of 150 KHz. Racdiated interference voltages were generally
above tl® applicable specification limit over the frequency range from

15 KHz to 90 MHz., In this frequency range the interference voltags level
was below the limit a maximum of S db occurring at a frequency of 25 MHz.

1.3 Stepping Operation

No differences in radiated voltage levels were detected during the time
the motor was stepping up to its steady staterotational spred.

2.0 .Conducted Interfierence

2.1 Ambient Measurements

Figures 5 through 8 show the smbient noise levels existing on each of the
four prime power lines to the Mark II system. Since the drive signal (29FLL)
was present during these measurements and the driver signal input line and
power lines were unshislded ( simulating the actual flight configuration)

the ambient levels measured on each of these four lines were due to cross-
coupling within the cable harness, Pifferencey in ambient levels between
the individual lines can be attributed to their location within the cable
bundle in relation to the drive signal input line and to differences in
terminal impedances thus affecting the magnitude of noise currents existing
on each line,

Page 8
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SUMMARY OF RESULTS

2.2 Synchronous Operation

Figures 5 through 8 show the conducted noise levels existing on each

of the four prime power lines during synchronous operation. Conducted
noise currents were a maximmm of 27 db above the limit of MSFC-SPEC-279.
This condition eccurred on the +2L volt input line to Chessis No. L at

a fraquency of 3 Miz, Conducted noise current amplitudes excesded the
applicable specification liwmit on each of the four lines, Noise

currents below 5 MHz were due to the DC-DC converter located in Chassis
No. k. Although the noise currents due to the DC-DC convarter were
geanerally above the specification limit no degradation in performance of
the Hark I1 system was observed during operation in the test configuration.
Above 5 MHz the major contril.tor to the noise level was cross-coupling
from the drive signal input line. No narrowband signals wers detected on
any of the four power iines.

2.3 Steming OEration

Fi81-1

No differences in noise current levels wers observed on any power line

during the time the motor was stepping up to its steady state rotational
speed.

Page 9
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CONCLUSIONS AND RECCMMENDATIONS

The ATS Despun Antenna (Mark II)does not meet all the radiated and power
line conducted interfsrence requirements of MSFC-SPEC-279.

If compatibility probtlems occur during integration checkout that can be
traced to the Despun Anterma sgystem, it is strongly recommended that
the input signal line be shielded over the entire length of its run.

=
Measurements Witnessed By: Test Conductad By &W
Task Enginear Ww
04 , o

Name Title

Approved by <
Title
) Title Z;zﬁ” ﬁ;é
Date
Page 10
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SKETCH OF MEASURING SETUP

—
———

/—— COPPER CLAD BENCH

BNC CONN. ’

3903
FUNCTION ¢, { MOTOR

GEN. LISN'S | E:iconer

ANT.
RSy | ™ AMMETER
|~

~7.5VDC | v L-.§ : [_~L0ADS
P. Su i

-24V0C / J “\ =_|
4 FILTERS £g J%T
©

HUGHES
REGULATOR

i
1

“ g SHIELDED ENCLOSURE H

| r———— ———
e e ——

TEST CONFIGURATION
FIGURE 2
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-7.5VDC <«—t—o
Ry
A OUT PIOI—3 <«—}o MWW
—o————-NB\%»-———.——-—
B OUT PIOI—2| <— |
A R3
C OUT PIOI—=I5 <« o ~ANMAA-
Rq
D OUT PIOI-24 <—
Rg
ZERO | PIOI—5 <«—fo- AMAA-
R
ZERO2 PIO-I0 <«—o ~

NOTE: ALL RESISTORS ARE 27KO 1/2W

TELEMETRY SIMULATION LOADS
FIGURE 3
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_ ABSTRACT

The purpose of thls 1nvest10aulon was to determine the thermal energy exchange
- between the ATS IIcchamcally Despun Antenna and the satellite for the three' con- -
- .ditions outlmed in Reference (a), The three conditions représent three syn-
chronous orbits of the satellite in'a years travel around the earth in which the
satellite spin axis is (A) normal to the ecliptic plane or an earth-sun line,
(B) inclined 65° from an earth-sun line and (G) inclined 1150 from an.earthe-sun .
_1ine, 7The heat exchange betuween the antenrna and satellite is determined by com-
putmcr the temperature hlstor_/ of the antenna at selected times in each of the
"three orbits, .

A 58-zone mathematical model is used to describe the-tharmal behavior of the
" Mechanically Despun Antemna, The equations are solved wsing an IBY 360 Computer.
The heat exchange data for the three ‘orbital conditions are presented in graphical
form for two satellite temperatures at the antenna mounfing points, Temperature
data fron some of the computer runs is superimposed upon sketches of' the antenra
and presented as an appendlx to thls report. :
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INTRODUCTION

This analysis is concerned only with those parts of the Mechanically Despun Antenna
-, which project abowe the blanket of superinsulation on the separation plane of the
satellite; the reflector, feed, and motor housing, The reflector consists of upper
and lower parabolic faces to the back of which stiffening struts and ribs are
. brazed to carry a perforated outer skin, The reflector is attached to a ground
* . plane and despun in opposition to the spm-stablllzed satellite so that its para-
_ bolic face always views the earth, The feed is attached to the motor housing and
. spins with the satellite. The motor housing is bolted fo the satellite with
sufficient bearing area to create a 1ow-res:.s.,ance thermal interface, thereby pro-
. v1d1n<r a favorable ’c.hermal enviromment for the motor. . .

The reflector face js sandblasted with #80 grit to avon.ei concentratlnn' ‘solar heat
upon the feed. The surface treatments of the reflector and feed have been selected
to prevent feed tenperatures from becomng excesswely ot when the reflector faces
the sun and to minimize thermal gradients developed in the feed and reflector when
part or all of the antenna is in shadow, The ground plane surface (bright, bare,
aluminwa) was selected to minimize thermal shock of the reflector when the antenna

- enters ‘the earth's umbra, Its low emittance also tends to reduce satellite heat
loss., The results of the an2lysis described herein shey the effect of these sure
face treatments upon the heat exchange between the antemna and satellite,

~
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 CONDITIONS OF ANALYSTS . . *" o, o .iise iigl i

"1, Thermal Control Surfaces - _. o ‘ "‘: P

The solar absorptances () and IR emlttances (é ) of the MDA surfaces were
'ob’oalned from a search of the lltera’c.ure. IR .

) a) Reflector (6061 alummum) A "‘.
i : I“ace‘ Sandblasted clear-dnodlzed . oCR +.50 éR = .80
"~ .. ‘Bdek: Clean and biight as practicabic, oCg = .40 - €5 = 20

© Skin: Exterior surface polished, - Ks'= .40 Es= /0

.b) Feed (6061 alummum)

Pollohcd exterior surface. 5 to .6 of feecd eircunference clear anodized.
Thickness of, anodic coat, (075 mil + .025 mil. oC, = .32 €p = A5

.
P

-¢) Ground Plane

Bare aluminum, unpolished-. xg =40 €, =.10 "

‘ .d)' Motor Housing Lpg = .03 \ €p . .02

Assuned to be covefed with at least two layers of aluminized mylar,

2. Antonna/SatellltP Interface Remstancn

The thermal resistance of the mterface betwesn the antenna and satellite is’
assumed to be ,025°C/uatt (,013%F hr/BTU) which is about ons~zighth the re-
sistance between a stud-mounted power transistor and a smooth alummun sur-
face. Although this is & low thermal resistance, it is realistic and represents
a Mworst-case® condition insofar as heat transfer between the satellite and
antenna is concerned, A i‘mlte, non-z2ro resistance was chosen since it

.+ - provides ‘a simple check for the amount o" heat exchanee between the satellite

N7 and antenna,’ : - .

" 3. Resxqtance Bet.reen Reflector, Feed and Motor Housmo ’

" The thermal re51stance of the complex heat flow paths bet.ueen the motor hous-
ing and reflector and feed bases through the motor and bearings was estimated
from the results of a the srmal-vacuun uest (see Reforen e b) as h and 60F hy/BTU
respectively, . . -

0
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- Satellmte Ternerature

The satellite is conslderrd to be an 1nf1n1te heat reserv01r at 1) SSOF,
the nominal temperature of the temperature range at the antenna mounting points

©in Reference (a)

5.

7.

" specified ‘in Section 3.3 of SZ—OhOh and 2) 70°F, the temperature specmfied

.‘I

Egnwllbrlum . ST e 5}:2}.'1ulf s

The thermal ene1gy wltbdrzun fron the sate111te by the antenna vhen the satelllte
is in the earth's umbra in Condition A (see Figure 1) is not determined in this
analysis since Reference (2) is concerned with only insolated (sunlit )conditions,
(Due to‘theeyrchronous orbit, the satellite time in the sun is about 963 for
Condltlon A and 100% for conditions B and C,) The time constant of the 11cht~
welght'antenna is relatively small compared to the 2k hour orbit time (see
Refercnce b); therefore, it is assumed that the antenna will achleve essenbially
equlllbrlum orbltal temperatures, NS

Shadowzng of Antenna by the Satelllte

The antenna is shadowed by the satellite in Condition B when the satellite
spin axis is inclined 650 to an earth~sun line, The shadowsd area of the re-
flector and feed was determined graphlcally u31ng a satellite dlamﬂter of 59
inches. . .

Radlatxon Heat Exchaﬁge between Anﬁenﬁa ggg Satellite

. 3 . X 1 s * . :
The radiation resistance between the antenna and satellite is very high due to
the superinsulation blanket on the satellite, The antenna is considerad to be

. only conductively connected to the satellite; radiative heat transfer betuecen

F181-1
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SUMMARY. OF ANALYSIS RESULTS

"The total heat exchange between the MDA and the sateTllte for each of the thxen
orbit conditions is shown in Figure S and 4, In Figure 5, the satellite tem-
perature at the antenna mountlno points is SS (S15°R ); in Figure 6, the
satellite temperature is 70°F (530°R). Tt is seen that the heat supolled to
the satellite by the antemna is greatest for Condition C,” 6.89 watts for a
- satellite temperature of 550F an? 9,95 watts for a 70OF satellite temperature,
.M.though, in Condition C, the reflector and feed are inslined at 115° to the -
ecliptic plane and do not receive as much solar heat irput as in Condi.tion A,
the top surface of the ground plane is also inclined into the sun and receives
much more solar heat than it did in Condition A {compare the heat 1nputs Yo
Zone 57 in computer runs’¢ and a in Table 3). _ .
!

Flgurea 5 and 6 1ndlcate that the amount of heat withdrawn from the satellite

. by the antemna is greatest, as would be expected, in Condition B when the lower
half of the antenna is shadowed by the satellite, The analysis results indicate
that when only the edge of the reflector is insolatad (orbit time, 6 and 18
hours in Figures 5 and 6) 6,97 and 7.60 watts of heat are witndrawn from the
satelllte in Condltlon 3 av sat°111te tenpcratures of SSOF and 70°F respectively.
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L AWALYTIZAL METHOD v o uiy e DT

-~ A, Mathematlcal Model 'T ;_;';~.ﬁf~f{‘€'Ijé'fiAi:;i:{¥'i‘?ff::;”
' The Hechanlcally Despun Antenna was dlvided *nto the 58 zones l)ated below-

Lower parabolic reflector, 9 zones, each 2.10 X 2.92 inches

TLower reflector flanges, 6 zones, each 1,60 x 2,92 incher

. Lower skin, 12 zones, each 2,00 x 2,92 inches
" Upper parabolic reflector, 15 zones, each 2,10 X 3, SS inches
Upper skin, 8 zones, each 2,00 x 3. 55 Jnches e e
B Feed, 6 zones of equal length Cen s L :
R Ground plane, 1 zone C ::.g S - :
ST Mbtor hou31ng, 1 zone O
The ground plane and motor housing have hlgh thernal conductances and vere
not divided into zones. . The refl lqcuor,.feed, and skin zone locations are
shovn in Figure 3, . o

. Y. Conductance Between Zones

The thickness of the parabollc reflector, flanges and skln is .016 inch, The
struts and ribs are .,025 ipch thick, The thermal conductivity of the 6041

aluminum is 97 BTU/hr £t. F, The total thermal resistance along the length
of the feed was calculated to be S1OF hr/BTU (see ieference b). For the pure
pose of this analysis, the feed is considerzd to be a cylinder with an average
diameter of .61 inches and whose thermal resistance varies linearly along its

‘_length. Since the feed is divided into 6 zones, the conductance between feed
zones is \6 1)/51 or .0%8 BTU/hr°F. .

The conduuulve conductancea betﬂeen antenna zones are llsted in Table 1 below,

TABLE T, .

) Conductlve Conductances Between hDA Zones

Oonductlve . '
Ce>fficient X - Zone/Zorie conductance, BTU/hr°P
Lty AR _"Lwr. Refl. Luteral 1800
i S . Lur. Refl, el © o "..0905‘ )
"63' . | f.Flange/Refl. , ‘ f’": 370
6, L : 'nef;./Skln, Turt Lo
csv ‘Refl./ord. Plane C 850
K3 . ‘Refl /skin, Tare, . +2120
1"q7 PR *~Ref1 /Skln, Lwr. o -';; .0585

Cha
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Condﬁctive }
Coefficient

g

L
P

oy,
. °15_.
14

e

i

Cp

Gi3

. Refl./Skin, Inr.

Zoﬁe/?.or“.é 7_ -

Refl./Skin, Tvre -

*",I_Lwr, Réifl./prer Refl, ~

Refl./Skin, Lo,

.

) Upper Refl,, Lateral -

B

"“Refl./Skin, Upper

Upper Refl., 5 Axiai -

Flange/Upper Refl,

Ref1./Skin, Upper

Refl./Skin, Upper
Refl./Skin, Upper

Flange/Flange
AN .

Flange/Grd, Plane
"Flange/Skin-

Feed/Feed
Feed/ittr.. Housing

Lwr, Skin, Axial

- Lwre Skin, Lateral

. Skin/Grd. Plane

© s, Skin/Upper Skin .
. U;;per Skin, Lateral e
.Upper S;kin, Axial

" Grd. Plane/itr. Housing

Mtr. Housing/Satellite

R

Qoﬁducf;_aﬁée, B‘I‘U/hr"F
U000

o781

.5.0778 -

- ..‘2106

-

2180

0763

L7

«2730

2030

#3000 |

.2020
.0403
0806
41000
40980
3670
0555
| .0900
2110
+0u90
2260
-~ Lob36
42500

76,9000
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_2. Rediative Coefficients

.- The 58 antenna zones radiate heat to each other as well as + _.ce., However,
1> to simplify the view factor calculations, we shall assume L ... interchange
a only betueen the reflector and feed zones, A particular zone on the parabolic
reflector, for example, would radiate heat to space from its face and back
(throuah the holes in the skin) and to those zones that it views on tke feed,
.Radiation betusen zones on the parabolic reflector is neglected, (Radiation -
heattransfer betueen zon:s on the-parabolic reflector, flanges, and skin is

negllglble compared to the conducted heat,) Thus the radiated heat from a
reflectar zone, Qry s G20 be expressed as

l %gn(m,amz)_ c‘/}kn(/ ng F)ER +°‘Aa 657;./.

(a) !
. FoAg ZBR (T T ) e &

whe%e o =5t efan—Boltznarn constgnt .173 x.10"8 BTU/hr. ft.2°_Rh

Arn = Surface area of reflector face zone, ft.2

‘[3;1F. = View factor between reflector zone, n, and feed zone, i,
»"%  dimensionless.

[

Ab = Surface area of back of reflector zZone .viewing space, £t,2
-n - s .

-

Th'é Temperature of reflector zone, °R

'1‘f ‘=fTemperature of feed zone viewed by reflector zone, n, °R

i . :
Combining the T b terms'in Equation (a) into a single coefficient for 1;3’
we have -n . .
(j,’-_) ,Bk" Rn(/ ZBR F)CR *'43 €z +Ae (Z 5-)-5,2 6F/

A3/ -

Ehuation'(b) was»use& to‘ccmpute the rédiative.coefficienté of the reflector
zone tenporatures in the heat balance eqnabions for the 2L reflector zones.

3The radlatlve coefflclents of the feed zone ter peratures (‘I‘f ) viewed by a
. particular reflector zone are from Equation (a), i

- (c) .34 (0‘/4,?)1 o % )R & o mese22
(Equation (c) was used to compute the radiative coefficiznts of the feed zone

temperitures vhich appear in the heat balance euuations for the 2h reflactor
zones.,
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The' reflector flanves (zones 25-30 ih.'Flgure 3) are considered to radiate

-

s,

- heat only to space and to have the sime emittance as the exterior surface of -

the skin, Thus the heat radiated from a flange zone is simply o€ 514 7" Y
and the radlatlve coeffz.clents of the flance zone tenperatures and

(0() _ T Bi/ = O"Af ES‘ . s 25"30

(e

-zones, -

'The heat radlated fron a partlcular i‘eed zone (zones 31 - 36 in Figure 3) is

-

( A "
%Fn \raclm'}ecl) o€ (/ ZBF JR; ) T ¥ .
+-cr6 6’44 :Sjﬂir ) Ry (7# 32)

_ ;»*here Afn = surface area of feed zone, ft.a_

6f ,,i;. V).eu factor between feed zone, n, and v‘eflector zone, Y
n- dimensionless, -

- Tr" = Temperature of feed zone, OR

} . e . .

Tr'= Temperature of reflector zone viewed by feed zone,n, °R

. Combining the T M terms in Equation (e), we obtain the radiative coefficients

of the fead zone temperatures in the heat balance equations for the & feed

~

(,r) _&:oﬂ [(/ ZBF,,,/?)G +(££F )fk F_/

-

‘The radiative cceff‘lclents f or the ref‘lector zone temperatures appearing in

the feed zone heat balance equations are, fron Equztion (e),

3 (3) _ (O”AF Fn ’7)5:? € | ”‘".‘,?'-‘"”’»:.“

_Sinee _ . UL T . )
-, .A . - - ._= - ) :. i ’ T R . . ‘.'
£ BF"' l.RJ. Akn ﬁ‘.?n.) e

The coefficients obtained from Equation (g) are ths same as those 'from Equation

-~

© "(c)s Thus the radiative coefficients derived .from Equation (¢) for the reflector
~ zone equabions will also appear in the feed zone eguations,

F181-1
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Lhe radlat:.vp coefflcaents for the skin, ground plane, and motor ﬁdusing zoﬁ?_s are
. (4) 3/.: o '4531 €s ._5{;'37- 56
G Byt edgen o

. 3. View‘Factor: -Comoutation

. 'n Ja'

e

"The view factors, 6 “between feed and raflector zZones were conputed graphically
by a method descmbed on page 157 of ASD Technical Report 61-119 Part 1, December
1961, : This method calculates the configuration or view factor from a differential
area to an infinitely long surface generated by an infinitely long line moving
parallel to itself and to the plane containing the differential area, da.. Hou-
ever, as. stated in the report, the method produces good results for finite sur-
-faces if the length of the A, surface is greater than tuice the distance between
A} to Ay and the view factors of several points are taken along the A, surface
and then averaged, View factors between each of the feed zongs and the reflector
zones were computed in this manner in both the trarsverse and axial-directions
.and the actual view factor teken as the product of the view factors in the two
dlrect:.ons. The feed/reflector zone v1ew factors are listed in Table 24

he Example

. ‘In order to demonstrate how the mathematical model of the MDA was fermulated, 2
heat balance equation will be written for a single theimal zons, As a typical
zone we can choose Zone 7 which is conductively comnected to Zones L, 8, 11 and

- 29 (see Figure 3) through Cp, Cy, C and C, respectively and to Zone le on the

. skin by €y (see Tablé l) Tab e 2 mdlca%es that significant view factors exist

. between Reflactor Zone 7 and Feed Zones 32, 33 and 3} of ,035, .087 and 011
respectively. The surface area of Zone 7 facing space and the feed (Ap,) is ,OL26
sq. ft. and the area viewimm space through the. holes in the skin (4y,) 'Is 018

b
sq. ft. The radiative coefflclent for T.? whlch we shall call B5 isz from Equa~
_tion 2(b)
I .35 ’(6 326,? +3’/2€3 #9835k eF)/o

" The radlatlve coefflcients for '1’ 3 and T;qgh whw ch we shall call 825, 326
. and Byy respectively are, from Equa’olog 2(c)

3,325‘- .258 (/o"’)e,?ef -.Bz 545(/0"'}@ & Bz7= 0"’0(/0-'963

-~

A ’I‘h\xs the—heat balance equatlon for Zone 7 is - ‘ T L

%7"‘_"‘2 35 ! (

C'f
_\ ..-CG_ C977/ CE -B.ef?.;f"--gzsz;:

Be7 7;4 C/o T.f‘ ) -

2
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R: Determmatlon of Input Pouers IR LT
The prime somce of powver mput to the MDA zones 15, of course, the sun. Solar‘
heat inputs to each of the -antenna zones were compuded as the product of the
solar absorptance, €., of the zones,their projected areas upon a p&ane normal
40 the earth-sun line,and a solar constant., ss of Uh3 BIU/hr, f£.°. Secondary
heat- input sources are earthshlne (earth's em:.tted IR radlatlon) and the earthts
'albedo. . e T e :

The power mcldent upon a unit arca of the reflector face s q/A from earthshme
can be eXpressed by (2) P 3//) - O'T/cos ;(/HZ

where H = Altitude‘of reflector above earth's. center m terms of ‘t.he
I . : - -earth's radius, L. .

r\ Angle betueen pr1nc1pa1 axis of the parabollc roflector and
© a line betwc,en the earth!s cenber amd the reflnctor focus.,

Since the earth's average. temperat,ure 1s about h50°R and the reflect.or alwuays
faces earth (r\— 0), -

P =173 (4:0) /(22 750/3437) = 467 BTY [ £

- If we assume- that the ref ector receives heat from the portion of the earth's
albedo directly beneath it, the albedo radiation then fluctustes like a recti-
“fied cosine function as the reflector circles. the sunht portion of the earth
. startlna i‘rom the termnator and

) BeA G < cos 9cos rl/;/*’- 2.6 cos O Bru/nr' #
where Ae = Average value of the earth's albmo = .36 .
. ) = Angle between the prmclpc.l axis of the parabolic

reflectox and the’ earth-sm line

Computed power 1npuus to the 58 antenna zones from thn sun, earthshine, and the '
earth's albedo for 1k cor puter runs are listed in Table 3, The computer runs,

a through n, ropresent various orientations of the antemna to the sun at
dlffere'xt times in the three orb1t° as 11sted beleor, The orbit times are de-
fined in F1gure h. . ~

. e

RUN Tl pEscRIpmON )
A cat Pr:for to entering, and just after

" Jeaving the earth's umbra, Re-
flector facing sun,

b o C R " In earth®s umbra, CT
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P
L « e

RN R L ;‘m‘scmmow

: c . j‘.Solar heat on edge of ref'lector.
La- - o Reflecuer back ruuy 1nso'l'\ued.
e . s ‘fl_Reflector face fully 1nsolated.
y £ _. ; . Solar heat on;d’ge of .reflector. .
,‘ g _V o - : ‘ :iReflecto* back fully insolated,
! " h S Reflec'oo; face facing sun but only
. R S e ~"uppe" prriion of reflgctor msolaued,,
i - - g :Reflecwr edge facing sun but only
. e upper portlon insola \,nfl
J o - o . .- Reflector back facing sun but only
) : ’ o upper portion insolated,
k e o Portion of reflector fac‘e insolated.
. - " Portion of reflector back insolated.
K n - R o . Same as'k. except lower p;)rt.ion of

‘antenna shadowed by satellite.

n-. L e T Same as 1 except lower portion of .
s : R .antenna in shadow,

C. Comput,er Program

. The ‘computer m-oaran used to solve the 58 non-hnear equations of the mathemati~
cal model is wrltten especially for the ATS/MDA, The temperature coefficients
are computed and stored separately from the mathematical model so that structural
or mechanical changes to the antenna which involve thermal conductances can
easily be actommodated, If, for example, it is desired to see what effect a
lower conductance (hisher thermal resistance) between the antenna and the .
satellite will have upon thé computer outpnt data, a n>w value of C31 (see
Table 1) is simply plugged into. the program. ' R

" The absoroed powers of each zone, the emittances SE s By Es, Eg, Eg and E
and the satellite temperature are all program 1nom'cq. If output data js M
desired for antenna/sun orlentatlons, surface emiftances and/or satellite
temperatures other than those used in this analysis, the new inputs ‘are
simply punched on cards, :
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TABLE J
Hear Inpurs Bru/HR) To ATS/MDA Zones

CompPuTer PRUNS

20NEl a | 4 | ¢ o e £ q A A j Y */ m M

/ 760 | .055 ) .055| .83/ 16,90 | .055|.764# |.055 | .055|.055 |2.018)|.055 |.060 |.055

2 | 200 310 | 1.8%0|8.17 | .280 |47 635 |1 360

3 | 760 1310] 8311 6.90 | 1190 . 764 080 | 7495

4 | 7éo 055 | .831 | 6.90 | .055 | .764 _2.018 | .05%

S || %00 310 | L 8k0| 8,17 | .280 |76 635 11360
6 | 7zeo| | 130 | 430 a0 (1190 | 764 080 | 7455

7 || 2¢0 055,83 |6.90 | .055| . 769 2008 |.os5] |

8 | 900 .310 | 1850|817 | .280|07/¢ 6354 360

S 1760 Y |[L310].83/|¢€.90|/1%0).769| X Y Y |.080 74951 ¥ Y
10 [ 8.55|.067|.067 |6.740| 776 |.067 |6.125|1.550| .067 | £950|8.377 | 5.467 | 574712777
i .30 | |2920|%34 | | |e2w0|.721 | | |.980|0997|.792|0050|.298!

12|\ /20 Y] | loez] v | [-067| ¥ |4390|r357|. 067 |.cca]0e7

13 [10.30 rov0) ¥ |93y 993| ¥ |.721].¢32].980|.097|¢.727].097 1857 ;

19 || 855 6.2 |¢.770| 776 |5550\6.125 | 1550 | 9440|4950 |.097 fa47.097 | 543
/5|1 855 067 (6740|776 | .06T |6./R5| 2760 | .067 |6.125°|\ £ 3717|2467\ 7577|3745}
16 110,30 | |2290|23y| | |22n]aswo] | lacw|r9ss]. 422|087 . 455
17 |20 Y lezvolr008| ¥ |2zioioied YV lezi0|r57].067 0239 067 |

18 |10.30 1ow0|2.240) 9.34 | .9w3 | 2200 2.3%0| . 9%3 [2.210 097 |¢.737|.057 (6,117
19 255| | [6szo|c.740| 776 |6.550|6.125 | 2760\ 52 5506.025 | 097 1467|097 |3 507
20855 1067|7160\ 776 | 067 |6.4%0|77%0 | 067 |6.v50|8,377 | 2,467 |7557|3.4%5]
21 0.30 067 |8.560| %37 7680|9740 7¢00|6.057). 992 |4:597) . 453
22|neo| | |.sn|9330|/018 | 517 8.320|10.80| 517 |6.320|357 | 007 |3277] 007
23 ||/0.30 2.&50) 8 460| 939 |9.490| 72680 | 9.540)3.490| 7680 | .097 [6.737 |.097 |6.217 |
24855 | V |6120| 2060|776 |5 550|6.490| 7760 |5:550|6.490].097 |10.967].097 | 9 507
2s5lezs| o |0 | o |asol o | 0 | 0 | 0 | 0 |eozolymol o | 0
] | | o el o [ | fane] oo o oo a|o]e
e7fv]olofo|v|o|o]|o] oo |eoo|sm|o o |
F181-1 G-19



Ta8LE 3 (CONTINUED)
CompPureRr Run

nEj a |4l c|ld el flglba ||y 1AL ]m]n
28 llo7s| 0 |2270] © |2sv0le%o] o | o | o |o | o |o |o | o
Y J e | o | o | o | o o o0 | o |eozo|ume| o o
301l ¥ | o J22720] 0 | ¥ |2960] ¢ | 0 | 6 |0 o0 | o |0 |o
31 |2050].071 | .01 | .028|2.760 .011 |.025 | .017 | .01 | .025| .25 | 7050 025|025
> | l
33 ! v
Tl 1T /.400 / 400
=TT 270 2760 |
I EEERE Yy | VIV jz70 Y LY [V ¥V ano
37 .550| 0 | 0 |4970|.506| 0 |4s10| 0 | Cc | 0 |3%a| 0 | o 0 :
L 380 o | o 0 | o o| 0| o |20 o0 | o 4
394 O o |L820 O {lé50 o o o 0 o 0 o !
Yoll.s50| © |4820 .500 /650 o | o |o o o 6 i o
y1l.5500 0| o s00| © 0 | o |o |awo| 6 | 0 | o :
2o le |o o | o 0 loa | o |anol | 0 | o
il e 1o |rs20 o 1650 0o lo | o |l ool oo
; *’/7/ s50| 0 |1820 500 | L6350 o | o o o 17 o ;" -
L wslsso|l 0 | o .500| © 0 |lo | o |gwmo| 0 |0 | 0
el o | 0o 1 o o | o 0 |o |0 lawo| o | o | o
Cy71 0 | o |rs20 o |4és0 ololo |66 | ~ o
48 || 50| © hgao| ¥ |svolreso| ¥ |0 |0 |0 |0 |o | 0 |o !
il oo 1o (520 0 | 0 |sme| © | o |ems|tm] o |azie] o i
o)l oo | o o o 0 | 0 |2220|#j20] @ |1978| @ |
51170 o [zzn o |2060 0 |rosols220] 0 |0 | o | 0 |
21 o o |az70 0 |2oco o li3so0lerwsi 6 | o | 0o |0
"l ol e o o | o 0o | 0 |5370{4020] 0 (3775] o |
sy o |0 | o 0| o o | o qr20] o 27357 o
D= P R Pyos o |z0¢0 o |eoso oo o T
56) 0 |0 |eero| ¥ | 0 leceo] | | o |eocd ¥ | 0 | o | .o.w.ﬁ.-,o.-..
57 |26ca| 0 lesso| o |umdssse] 0 | o | 0 | o |200 200 o |
58 N1zro| © liesolizsolzsiolzasiolzseol 0 | 0 | 0 |nzsoizso o |

F181-1 G-20



) Thé computer output data consists of the 58.20}1o tenperatures and the salellite

tenperatu1e input, 59. The thermal energy exchange betseen the satellite
and the antenna, Qnss can be easily computed by the tenp=rature dlfference
across 031 (see Figure 2),

(a)A R‘ %MS ® C3l ( 58 - ;‘9) - . “

N The’ thermal energy exchanpe between the sqtelllte and antenna due io.the reflector,

F181-1

feed and heat input to the motor housing can be computed by rearranging the
last equation (Zone 58) of the:mathematical modcl

l, ,

(/e) : %MS:—" %58 -+ C23 (—r:;” 58 )‘l“ C3O( 7;8) - 35.5. @ﬁf

.Table S iists the heat transfer between the reflector (andlground plane), the

feed and the satellite as well as the heat input to and loss from the motor
housing for all 28 computer runs.. The algebraic sun of these quantities is
equal to the total exchange of thermal energy between the antenna and satellite,
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7A8LE 4
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’ mucussmu OF Rr.SUL’lS

The curves of Flgures 5 and 6, baq d upon the data in the last column of Table L,
repxesent the thermal energy exchange between the:MDA and satellite for complnte
orbits 'n Conditions A, B, and C except for the time that the satellite is in the
earthls umbra in-. Condltlon A, As expected, the thermil energy exchange is sreat-
est for: Condition 2 when only the edge of, the reflector is insolat (sunllt) and
most of the antenna is in shadow. In fact, the results of the anuiysis indicate

* that the satellite heat loss to the antenna will'be greater for Condition B than
vhen the antemna is in the earth's umbra in Condltlon A, Comparing Runs b and b~
(sce Table L) with Runs i and, i indicates that the steady-state heat loss of the
satellite to the antenna in the earth's umbra is no more than 1.5 wabis greater
than maximum loss in Condition B when only the top edge of the antenna reflizctor

AlS insolated. Beforo'the antenna enters the earthis unbra, howaver, its temperature
1f relatively hot ‘and it is supplymno heat- to the satellite as shown in Runs a and-

o. Reference to F2gures A and B in the temperature data attached to thls report

showu that the average temperaturc of the reflector must drop over 200°F during
the time it ir in the earth's wmbra to achieve the steady-state heat withdrawal
listed for Rur t, The time constdnt of the antenna will prevent its temperature
drop from app.oaching 2000F and the satellite heat w1tncra1u by the antenna should

. ot exceed that withdrawn in Condition B,

In Condition B, the motor housing, ground plane, and the entire lower reflector

are always in the shadow of the satellite. . Portions of .reflector Zoims 1C through
1l and skir Zones 19 through 52 2re alsc shadowed by the satsllite, The size ¢f-
the shadowed area of these zones’is dependsnb upon the antenna's orientation to the
sun, The effect of the satellite shadow upon the antenna temperature can be seen
by comparing the temperature distributions shosm ia Figures F through I for Con-
Jrtion B with those of Condition G (Figures J throuch M) where the solar angle

is the same but the antenna is not shadowed by the satexlwte. ;

The values of solar absorptances and IR emlttances used for the antenna surlaces
in this analysiswere increased slightly over those found for similar surfaces in
the. literature to provide a "worst-case" condition with respecl bto thermal energ
exchafige betueen the antenna ‘and satellite., In“ether words , the values of and
€ were increasel to allow for someé handling contaminatioﬁ of the surfaces and
to account for unsertzinties in anodic coating thicknesses, surface finishes, etc.
The results of tests to determine the absorptance and emittance of samples of the
antenna syrfaces were not receivad in time to use in this anaiysic. However, {7
the test values of «< andfor £ are significantly different fron those used in

this analysis, - Jvlld be a-simple: matter to repeat Runs a, e, and i w1th -the
new values plug »: . > the compuber program, N . -
The antenna tamperauure data in Flgures A through M ‘at, the’end of this report BRI

represent only part of ihe total computer output used in preparing the- curves”
shown in Figure & and 6, The temperaturé data shown includes the antenna tempera-
turés-at the times of maximum thermal.e -rgy exchange between ‘the antenna and
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satellite for satcllite temperatures of 700 F 2s well as 550 F,

-A copy of the computer program and the computer output used in this analysis is

F18i-1

being forvarded to NASA/GSF: as required in Modification No. 2l of Contract
No. NAS-5'-95:21. . - - <L

. e
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(R) ReFLecTorR Zowes

(M) MOTOR HOUSING AT MOUNTING POINTS
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P 9%

ZONE

ZONES 1-30,37-56
(see Fig 3)

(ZONES 12,3 25.26,37-40
CONDUCTIVELY CONNECTED
70 GROUND PLANE)

G —><M F) ZONES 31-36  (ZovE 31
_J zoNE 58 CONNECTED 70 MOTOR
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bFa

FI16URE 2. CLECTR. cal Anatog oF ATS/ MDA
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